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AMMONIA DECOMPOSITION CATALYSTS consisting of y-Al 2 0 3 , 6-Al 2 0 3 , Zr0 2 , Ti0 2 , ri0 2 2r0 2 , 

SiO^A^O^ Al 2 0 3 .Ti0 2 , S0JZiO 2 , SO/ZKVTK^, zeo- 

BACKGROUND OF THE INVENTION lites Y, zeolites X, zeolites A, mardenites, and silicalites; and 

1 Reld of the Invention iridium as an active metaL 

mvcnuou 5 Furthermore, the first aspect of the present invention also 

The present invention relates to a catalyst for decompos- provides a method of decomposing ammonia using a cata- 

ing ammonia contained in waste gases to nitrogen and a lyst described above as an ammonia deccnnposition catalyst 

method of using the same for ammonia decomposition. wherein a gas containing ammonia is exposed to an ammo- 

2. Description of the Related Art nia decomposition catalyst whereby decomposing and 

Ammonia is widely used as a starting material for fertil- to removing the ammonia, 

izers and nitric acid as well as a reducing agent for removal A second aspect of the present invention provides an 

of nitrogen oxides (NOx) in coolants and exhaust gases. As ammonia decomposition catalyst which is a composite cata- 

a result, a large amount of ammonia is emitted from various lyst comprising: catalyst A which comprises as a carrier a 

chemical plants, industrial waste disposal facilities for such crystalline silicate having a X-ray dim-action pattern shown 

things as refrigerators, and combustion exhaust gas treat- in Table 1 hereinbelow and represented by the following 

ment facilities. formula in terms of molar ratio in a dehydrated state: 

Ammonia is a gas havin g a characteristic irritating odor, 

and should be emitted into the atmosphere as little as ( i±o^iaM 2 p s .bMX) £ Al 2 o a ]5iO Jf 

possible. In reality, however, the formation of ammonia by * 

degradation of organisms, emission of ammonia from cool- 20 wherein R denotes an alkaline metal ion and/or hydrogen 

ants in disposed machines, and emission of unreacted ion, M denotes a Vm group element, rare earth element, 

ammonia in the reduction process of nitrogen oxides in flue titanium, vanadium, chromium, niobium, antimony or 

gases result in the release of large amounts of ammonia into gallium, M' denotes magnesium, calcium, strontium or 

the atmosphere. ^ barium, a£0, 20>b^0, a+c=l, 3000>y>ll, or as a carrier at 

As a method for preventing ammonia from being emitted least one porous material selected from the group consisting 

into the atmosphere, the decomposition of ammonia into of y-Al 2 0 3 , e-Al 2 0 3 , Zr0 2 , H0 2 , Ti0 2 .Zr0 2 , SiOa-AljOj, 

nitrogen, which is harmless, is known utilizing a catalyst of A1 2 0 3 .T10 2 , SOVZr0 2 , S04/Zr0 2 .Ti0 2 , zeolites Y, zeolites 

iron oxide or nickel oxide held on a carrier such as an X, zeolites A, mordenites, and silicalites, and iridium as an 

alumina or silica-alumina carrier, by which the reaction is ^ active metal; and catalyst B comprising at least one element 

effected according to the reaction equation shown below. selected from the group consisting of titanium, vanadium, 

tungsten and molybdenum. 
The second aspect of the present invention also provides 

2NH,+3«o 3 ->N 2 +3H 2 o that particles of catalysts A and B may also be carried as a 

However when nsW a conventional catalvst NO NO 35 mixturc of P°wders on a honeycomb substrate. 

however, wnen using a conyennonai catalyst, «u, iNU 2 35 ^ addition, a layered catalyst is provided in which 
and N 2 0 are generated as a result of the side reactions shown paruclesof (^talvst A are carried first on ftehonevcomb 
below and cause the another problem of air pollution. sZtrate and a lay er of particles of catalyst Bis disposed on 

the catalyst A layer. 

2NK,+s/20 2 ->2NOf3H 2 o 40 A third aspect of the present invention provides an ammo- 

nia decomposition catalyst which is a layered catalyst 

2NH 3 +7/2O 2 ~>2N0 2 +3H 2 0 wherein catalyst C comprising as a carrier a crystalline 

silicate which has a X-ray diffraction pattern shown in Table 

2NH 3 40 2 -»n 2 o+3H 2 o i hereinbelow and which is represented by the following 

SUMMARY OF THE INVENTION 43 ^ omu d a m a dehydrated state in terms of molar ratio: 

An object of the present invention is to provide an 
ammonia decomposition catalyst capable of decomposing (iiO^)R 2 o.(aM 2 o s .bNfOxAi 2 o 3 }.ySio 2t 
and removing ammonia with a high efficiency without . . „ . „ , . . . 

producing by-products nitrogen oxides which may cause air wherein R denotes an alkaline metal ion and/or hydrogen 
pollution, whereby solving the problems associated with the 50 lon > M **™Uxji ^ f 01m element, rare earth element, 
conventional method described above. titanium, vanadium, chromium, niobium, antimony or 

ac* ^ € <u • • . • gallium, M* denotes magnesium, calcium, strontium or 

A first aspect of this invention provides an ammonia barium, a£0, 20>b*0, a+Sl, 3000>y>ll, or as a carrier at 
decomrx>smon catalyst comprising: as a carrier a crystalline lcast 0QC ffiatcrial sdccted from mc ^ 
silicate which is represented by fte foUowing formula in 55 of M g ^ Q ^ Ti0 2 .ZrS 2 , Si0 2 .Al 2 0 3 , 

terms of molar ratio in a dehydrated state: Al 2 0 3 .Ti0 2 , SQ/Zr0 2 , S0 4 /ZrO 2 .TiO 2 , zeoSes Y, zeolites 

X, zeolites A, mordenites and silicalites, and at least one 
(i±0^)R 2 o.[aM 2 o 3 .bAJ 2 o,].cMcO.ySio 2 , noDle metal selected from the group consisting of platinum, 

palladium, rhodium and ruthenium as an active metal is 
wherein R denotes an alkaline metal ion and/or hydrogen 60 covered with catalyst B comprising at least one element 
ion. M denotes at least one element selected from the group selected from the group consisting of titanium, vanadium, 
consisting of VHI group elements, rare earth elements, tungsten, and molybdenum 

titanium, vanadium, chromium, niobium, antimony and The catalyst of the first aspect, catalyst A of the second 
gallium, Me denotes an alkaline earth metal, a^O, b^O, aspect, and catalyst C of the third aspect according to the 
clO, a-H>=l, y/ol2 and y>12, and which has a X-ray 65 present invention essentially have compositions similar to 
diffraction pattern shown in Table 1 hereinbelow; or as a those developed by the present inventors as a catalyst for 
carrier at least one porous material selected from the group treatment of exhaust gases from internal combustion engines 
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containing nitrogen oxides (NOx), carbon monoxide (CO) 
and hydrocarbons (HQ (Japanese Patent Provisional Pub- 
lication 7-80315 and 6-296870). However, such catalysts 
have not been known to promote the decomposition of 
ammonia. The crystalline silicates in the catalyst of the first 
aspect, catalyst A of the second aspect, and catalyst C of the 
third aspect are characterized to have the crystalline struc- 
ture showing the X-ray diffraction pattern shown below in 
Table 1. 

TABLE 1 



Interstitial distance (value d) 


Relative strength 


112 ±03 


VS 


IOjO ± 0.3 


vs 


6.7 ±0.2 


w 


6.4 ±0.2 


M 


6JO±0.2 


M 


5.7 ±0.2 


w 


5.6 ±0.2 


M 


4.6 ±0.1 


W 


4.25 ±0.1 


M 


3.85 ±0.1 


VS 


3.75 ±0.1 


s 


3.65 ±0.1 


s 


33 ±0.1 


M 


3.05 ±0.1 


w 


3.0 ±0.1 


M 



VS: Very strong 
S: Strong 
M: Middle 
W: Weak 
(X-ray source Cu) 



be incorporated by impregnation wherein the carrier is 
impregnated with an aqueous solution of a metal salt, such 
as a chloride. Iridium to be carried can exhibit a satisfactory 
activity at a concentration of 0.002% by weight, and for a 

5 higher activity about 0.02% by weight is preferred. 

Catalyst A of the second aspect of the present invention 
can be utilized as an ammonia decomposition catalyst as 
described above. When catalyst A is used in the presence of 
a standard denitration catalyst (catalyst B), formation of 

to NOx as a by-product is further prevented, whereby promot- 
ing selective conversion from NH 3 to N 2 . Thus, additional 
effect is provided in which NOx formed as a by-product by 
catalyst A is converted by catalyst B to N 2 in the reaction 
according to the equation shown below. 
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The catalysts according to the present invention described 
as the first to third aspects are preferably made using a 
binder, such as alumina sol and silica sol, and a carrier such 
as cordierite, and is preferably converted into a honeycomb 
by a wash coat method or a solid method. 

The catalysts according to the present invention exhibits 
stable ammonia decomposition performance without degra- 
dation even in the presence of S0 2 in exhaust gases. In 
addition, no disadvantageous production of acid ammonium 
sulfate is observed because of a low ability of oxidizing S0 2 
toS0 3 . 

Furthermore, by exposing a gas containing ammonia to a 
catalyst of the first to third aspects of the present invention 
at a temperature of 100° to 600° C, ammonia in the gas is 
decomposed to nitrogen. This decomposition reaction pro- 
ceeds selectively, and no hazardous gases such as NO, N0 2 
and N 2 0 are generated as by-products. 

The crystalline silicate of the catalyst employed in the first 
aspect of the present invention can be synthesized by 
hydrothermal synthesis from compounds containing ele- 
ments constituting such silicate. Alternatively, as such crys- 
talline silicate, a layered composite crystalline silicate may 
also be employed in which using a crystalline silicate 
previously synthesized as a mother crystal a crystalline 
silicate consisting of Si and O having the crystalline struc- 
ture identical to that of the mother crystal is grown on the 
surface of the mother crystal. In such layered composite 
crystalline silicate, H 2 0 is prevented from penetrating into 
the crystalline silicate as a result of the hydrophobic effect 
of the crystalline silicate consisting of Si and O grown on the 
external surface (called silicalite). Accordingly, the release 
of a metal, such as aluminum, from the lattice of the 
crystalline silicate due to H 2 0 is suppressed, whereby sup- 
pressing deterioration of the catalyst 

The metal iridium carried on the crystalline silicate in the 
catalyst of the first aspect and various porous carriers may be 
incorporated as metal ions by means of ion exchange or may 
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4NH 3 ^N0+O 2 -+4N 2 -*H 2 0 

As a method for letting iridium carried as an active metal 
in catalyst A on various carriers, ion exchange for incorpo- 
rating metal ions of iridium or impregnation far impregnat- 
ing the carrier with an aqueous solution of iridium salt, such 
as iridium chloride, may be employed. Iridium to be carried 
can exhibit a satisfactory activity at a concentration of 
0.002% by weight, and for a higher activity about 0.02% by 
weight is preferred. 

A model showing catalyst A and catalyst B of the .second 
aspect of the present invention carried on a honeycomb 
Substrate is illustrated in FIGS. 1 and 2. Bom catalysts 
suppress the formation of by-product NOx. 

In FIG. 1, catalysts A and B are carried as a mixture of 
powders, and NOx formed in a small amount by catalyst A 
is eliminated in the denitration reaction by catalyst B. 

In FIG. 2, catalysts A and B are provided as layers, and 
NOx formed as a by-product by catalyst A in the lower layer 
is diffused and released, but subsequently eliminated by 
catalyst B in the upper layer by means of the denitration 
reaction with adsorbed NH 3 . 

The ratio of catalysts A and B, in terms of weight, may 
range widely from 1:99 to 99:1. 

Catalyst C of the third aspect of the present invention is 
capable of decomposing ammonia at a low temperature but 
suffers from formation of by-product NOx. Accordingly, it 
may not exhibit the perf ormanc e to meet the objective of the 
present invention in some cases. If so, by coating catalyst B, 
which is a standard denitration catalyst component, on the 
layer of catalyst C, the formation of NOx can be prevented 
and selective conversion from NH 3 to N 2 is promoted. Thus, 
NOx formed as a by-product is converted to N 2 as a result 
of the effect of catalyst B in the reaction according to the 
equation shown below. 



4NH r HtN00 2 ->4N 2 -^H 2 0 



As a method for carrying at least one noble metal selected 
from the group consisting of platinum, palladium, rhodium 
and ruthenium as an active metal on various carriers in 
catalyst C, an ion exchange method for incorporating such 
noble metal ions into the carrier material or an impregnation 
60 method in which the carrier is impregnated with an aqueous 
solution of a noble metal salt, such as a chloride, may be 
employed. The active metal (noble metal) to be carried can 
exhibit a satisfactory activity at a concentration of 0.002% 
by weight, and for a higher activity about 0.02% by weight 
65 is preferred. 

A model showing catalysts C and B of the third aspect of 
the present invention carried on a honeycomb substrate is 



5,679,313 

5 6 

illustrated in FIG. 3. NOx fanned as by-products by catalyst substrate for cordierite (400-cell lattice) was immersed in 

C in the lower layer in FIG. 3 is diffused and released, but the slnny obtained above, and taken out After blowing 

subsequently eliminated by catalyst B in the upper layer by excessive slurry off, the substrate was dried at 200° C The 

means of a denization reaction with adsorbed NH 3 . coating ratio was 200 g per 1 L of the substrate. The 

The ratio of catalysts C and B, In terms of weight, may s substrate thus coated was designated as coated honeycomb 

range widely from 1:99 to 99:1. 1. 

Then coated honeycomb 1 was immersed in and impreg- 

BRIEF DESCRIPTION OF THE DRAWINGS nated wimmdium chloride solution (2.88 g of IrO^Oin 

FIG. I shows a schematic view of carried catalyst par- 200 00 of for 1 hour > fluid on fce wal1 of the 

tides in a honeycomb catalyst in one example according to 10 substrate was wiped off and the honeycomb was dried at 

the second aspect of the present invention; " 200 ° c A&a ™& ^trogen for 12 hours at 500° G, 

FIG. 2 shows a .hematfc view of earned catalyst par- ^^T!^^ 

tides in a honeycomb catalyst in another example according ~* . . ,. ' . ^ *f, . . . . , , 

to the second aspect of the present mventionTand J?**?* "^TSL^^ 

15 rhodium chloride, lanthanum chloride, cerium chloride, tita- 
FIG. 3 shows a schematic view of canied catalyst par- ^urn chloride, vanadium chloride, chromium chloride, anti- 
tides in a honeycomb catalyst in an example according to mon y chloride, gallium chloride and niobium chloride in the 
toe third aspect of the present invention. molar amount as an oxide similar to that of Fe^ instead of 

DETAILED DESCRIPTION OF THE ~ ?T ^<^«sed m the synthe^ of^stallinedlicate 1 

reTOR^nL^ 20 m the preparation of honeycomb catalyst 1 described above, 

PREFERRED EMBODIMENTS deprocedure similar to that employed for crystalline silicate 

The advantages of the catalysts according to the present 1 was conducted to obtain crystalline silicates 2 to 12. The 
invention are further detailed in the follow ing examples. crystal structures of these crystalline silicates as X-ray 
Preparation of catalysts according to the first aspect of the dim-action patterns were shown above in Table 1, with the 
invention 25 compositions being represented by the following formula in 

Preparation of catalyst 1 terms of molar ratio of oxides (dehydrated form): 

5616 g of water glass #1 (30% SiOj) was dissolved in 
5429 g of water to yield solution A. Separately, 718.9 g of 

alinninum sulfate, 110 g of ferric chloride, 47.2 g of calcium <o.5io j)N^oxo3io j)i^o^^M 2 o 3 j0.8Ai 2 p 3 J0.25CaO).25Sio 2 , 

acetate, 262 g of sodium chloride and 2020 g of concentrated 30 . . w , „ ™ „ 

hydrochloric acid were dissolved together in 4175 g of water ^} mm M denotes °* Rh, La, Ce, Ti, V, Or, So, Ga or 
to yield solution B. Solution A and solution B were fed in a ' 

certain ratio to form a precipitate, and the mixture was n ' execp. for adding magnesium acetate, strontium 

stirred thoroughly to yield a slurry at pH 8.0. The slurry thus acctate ^ badxm ***** m * c molar amount as an 
obtamedwaschargedma20Lautoclave,towhic^ 35 oxide similar to that of CaO instead of calcium acetate used 

tetrapropyl amnMjnium bromide was added and the mixture m me s > rilthcsis of crystallmc silicate 1, the procedure 
was subjected to hydrothermal synthesis at 160° C. for 72 sunikr to *™P l °yed for crystalline silicate 1 was 
hours. After synthesis, washing with water, drying and conducted to obtain crystalline silicates 13 to 15. The crystal 
sintering for 3 hours at 500° C, crystalline silicate 1 was structures of these crystalline silicates as X-ray diffraction 
obtained. Crystalline silicate 1 thus obtained is represented 40 . pattcrns were above in Table 1, with the compositions 
in terms of molar ratio of oxides (excluding crystal water) by bemg represented by the following formula in molar ratios 
the formula shown below and has the crystal structure by of mc oxidcs form): 
X-ray dimraction pattern shown in Table 1. 

45 0JNa 2 Oj0^H 2 OX0.2Pc 2 O,.0.8Al 2 O 3 X».25McO).25SiO 2 , 

0^Na a Oj0^H 2 O40.8Al 2 O a ja2Fb,O 3 i)J5CaO].25SiO 2 

wherein Me denotes Mg, Sr or Ba. 

Crystalline silicate 1 obtained above was subjected to Using crystalline silicates 2 to 15 and the procedure 
NH 4 ion exchange by stirring with 4N aqueous solution of similar to that for honeycomb catalyst 1, crystalline silicates 
NH 4 Q at 40° C. for 3 hours. After the ion exchange, the 50 2 to 15 of type H were obtained and used to coat cordierite 
silicate was washed and dried at 100° C. for 24 hours and monolith substrates in the process similar to that for hon- 
sintered at 400° C. for 3 hours to obtain crystalline silicate eycomb catalyst 1 to yield coated honeycombs 2 to 15. The 
1 of type H. honeycombs were then immersed in an aqueous solution of 

Then, to 100 g of crystalline silicate 1 of type H, 3 g of iridium chloride, and processed similarly as for honeycomb 
alumina sol and 55 g of silica sol (20% SiOa) as binders and 55 catalyst 1 to yield honeycomb catalysts 2 to 15. 
200 g of water were added, and the mixture was stirred Physical states of honeycomb catalysts 1 to 15 obtained 
thoroughly to yield a slurry for wash coat. Then a monolith above are summarized below in Table 2. 

TABLE 2 



Honeycomb Amount of carried Crystalline silicate (carriert 

catalyst No. active metal (wt %) Number Composition 

1 Ir (0.6) 1 0^Na 3 O^JH 2 O(0.2Fc 2 O 3 a8Al 2 O 3 J0.25CaO).25SiO 2 

2 Ir(0-6) 2 0JNa 2 O.0JH 2 O(0.2Co 2 Oji).8Al J O s X).25CaO)^5SiO 3 

3 Ir(0.6) 3 0.4Na 2 O.0JH 2 O(0.2Ru 2 O s j0.aAl 1 O 3 .a25CaO).25SiO a 
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TABLE 2-continued 



Honeycomb Amount of carried 



Crystalline silicate (carriert 



catalyst No. active metal (wt %) Number Composition 



4 


&(06) 


4 


0 JNa 2 OiI4H 2 O(0^RbjO,a)^Al 2 O J £.25CaO).25Si0 2 


5 


fr(06) 


5 


05Na^A5H 1 O(0^O a J0-8Al a 0,j0.25CaO)^5SiO 2 


6 


& (0.6) 


6 


0^a 2 OA4H 2 O(0^Cc 2 O,XX8Al 2 O,X).25CaO)^5SiOj 


7 


It (0.6) 


7 


O^NajOJXeHaO^JTijOj^AljOs^^SCaO)^!^ 


8 


fr(0.6) 


8 


0.4Na 2 OiX6H 2 O(0JV 3 O s .0^Al x O,j0^5CaO).25SiO 2 


9 


Lr(0.6) 


9 


0^Na 2 Oi)^H 2 O(0^Cr 2 O,.a8Al l O^0.25Ca0).25SiO 2 


10 


Ir(0.6) 


10 


0.6Na 2 Oj0.4H 2 O(0JSb a O,i)^Al 2 O3i).25CaD>25SiO a 


U 


Ir (0.6) 


11 


0.6Na a OU)JH 2 O(0^Ga 3 O,^Al 2 p,i)^5CaO).25SxO, 


12 


&(0.6) 


12 


0^Na 2 O.0JH 2 O(0^Nb 2 O,J0.8Al 2 O s ^.25CaO)^5SiO 2 


13 


Ir (0.6) 


13 


0^a a OX)^H a O(0^e 2 O3.0.8Al 1 CM>^3MgO),25SiO 2 


14 


Ir (0.6) 


14 


0JNa 2 O^H 2 O(0JFe 2 O 3 X).8Al 2 O 3 i)25SrO)^5SiO 2 


15 


&(0.6) 


15 


05Na 2 O^3H 2 O(0JFe a O > XX8Al,O,i)^SBaOX25SiO 2 



Using y-Al 2 0 3 , e-Al 2 0 3 , Zr0 2 , Ti0 2 , Ti0 2 .Zr0 2 , 
SKVU^, AlaOg-TlOa, SOyZr0 2 , Sb4/2J0 2 .Ti0 2 , zeo- 
lites Y, zeolites X, zeolites A, moidenites and silicalites 
instead of crystalline silicate used in honeycomb catalyst 1 
described above and employing the procedure similar to that 
for catalyst 1 to carry iridium, honeycomb catalysts 16 to 29 
were obtained. Catalysts 16 to 29 are listed below in Table 
3. 



TABLE 3 




Amount of carried active 




Honeycomb catalyst No. 


metal (wt %) 


Carrier 


16 


Ir (0.6) 




17 


Ir (0.6) 


0VU 2 O, 


18 


Ir (0.6) 


ZK> 2 


19 


Ir(0.6) 


Tt0 2 


20 


&(0.6) 


TiOa^rO, 


21 


Ir (0.6) 




22 


fr(0l6) 


AJ 2 0,.1K> 2 


23 


Ir (0.6) 


SOVZrOj 


24 


&C0.6) 


SO/ZrC^.TiO, 


25 


Ir (0.6) 


Zeolite type Y 


26 


Ir(0.6) 


Zeolite type X 


27 


£r(06) 


Zeolite type A 


28 


fr (0.6) 




29 


fr<0.6) 


SilkaHte 



Experiment 1 

Ammonia decomposition test was conducted using hon- 
eycomb catalysts 1 to 29. Honeycomb catalysts 1 to 29 
consisting of 144 cells in the dimension of 15x15x60 mm 



were placed in a reaction tube, to which ammonia gas having 
20 the composition shown below was supplied at SV=16300h~ l 
and at the flow rate of 5.54Nm 3 /m 2 to examine ammonia 
decomposition performance at the reaction temperatures of 
300° and 400° C. Gas composition: 

25 NH 3 : 20 ppm 

S0 2 : 20 ppm 

C0 2 : 1% 
30 B.0 : 6% 

0 2 : 14.7% 

N 2 : to 100% 

Performance was evaluated by determining the ammonia 
35 decomposition ratio at the initial state of the reaction, NOx 
(NO, N0 2 , N 2 0) production ratio, and S0 2 oxidation ratio. 
The ammonia decomposition ratio and NOx production 
ratio were calculated according to the formulae shown 
below. 

Ammonia decomposition ratio (%) 

=[(Inlet NH 3 -Outlet NH 3 )/(Inlet NH 3 )]xl00 
NOx production ratio (%)= 

[(Outlet (N 2 0x2+NO4N0 2 ))/(Inlet NH 3 )]xlOO 
S0 2 oxidation ratio (%)= 

[(Outlet SO 3 )/0nlet SO^lxlOO 
The results are shown in Table 4. 
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TABLE 4 



decomposition % 



Nox (NO, N0 2f N 2 0) 

production (W) SO, oxidation (%) 



Honeycomb catalyst 300 (°C.) 400 (°C) 300 (°C.) 400 (°C.) 300 (°C.) 400 fC) 



1 


99 


100 


2 




0.5 


1.5 


2 


99 


100 


1 




0.5 


1.S 


3 


99 


99 


0.5 


0.5 


0 


2 


4 


99 


100 






0 


2 


5 


98 


110 




0.5 


0 


t 


6 


98 


99 




1.5 


0 


1 


7 


99 


100 






0 


2 


8 


99 


100 




0.5 


0 


1 


9 


98 


99 




1.5 


0.5 


2 


10 


98 


99 






0 


2 


11 


.97 


100 






0 


1 


12 


98 


99 


0.5 




0 


3 


13 


99 


99 




0.5 


0 


2 


14 


98 


100 




1 


0 


3 
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TABLE 4-coatinued 



deco m po sition % 



Noz(NO t N02,N 2 0) 
production (%) t 



SCX, axkfatbn <%) 



Honeycomb catalyst 300 fC.) 400 fC) 300 CC.) 400 (°C.) 300 CC.) 400 CO 



15 


97 


99 


0.5 


1.5 


0 


2 


16 


99 


100 


OS 


1 


0 


1 


17 


97 


100 


1 


1 


05 


2 


18 


98 


100 


1 


0.5 


0 


2 


19 


98 


99 


1 


0.5 


0 


2 


20 


99 


99 


1 


2 


0 


3 


21 


97 


100 


1 


2 


0 


15 


22 


97 


99 


2 


0.5 


0 


2 


23 


98 


99 


1 


1 


OJ5 


2 


24 


97 


100 


1 


2 


0 


3 


23 


98 


too 


2 


1 


0 


4 


26 


97 


99 


2 


2 


0 


2 


27 


98 


99 


1 


2 


0 


2 


28 


98 


100 


1 


L5 


0 


25 


29 


98 


99 


1 


3 


05 


2 



Experiment 2 

Using honeycomb catalysts 1 to 29, the gas was supplied 
for a long period in the condition similar as in Experiment 
1 to conduct durability evaluation test The results obtained 
indicated that after the gas supply for 1000 hours in the 
condition described above the ammonia decomposition 
ratio, NOx production ratio and S0 2 oxidation ratio equiva- 
lent to those shown in Table 4 were maintained, ensuring 
that the catalysts had excellent durability. 
Preparation of catalysts belonging to catalyst A of the second 
aspect 

Preparation of powder catalyst 1 

100 g of crystalline silicate 16f type H described above 
was immersed in the aqueous solution of iridium chloride (1 
g of IrCl in 100 cc of water), kneaded thoroughly, and then 
evaporated to dryness at 200° C After purging with nitrogen 
for 12 hours at 500° C, powder catalyst 1 which is classified 
to catalyst A was obtained. 
Preparation of powder catalysts 2 to 15 

Crystalline silicates 2 to 15 of type H listed above were 
immersed in the aqueous solution of iridium chloride simi- 
larly as in the case of powder catalyst 1 to obtain powder 
catalysts 2 to 15. 

Powder catalysts 1 to 15 thus obtained are summarized 
below in Table 5. 



Preparation of powder catalysts 16 to 29 

Using y-Al 2 0 3 , 8-Al 2 0 3 , Zr0 2 , TiO* Ti0 2 .Zr0 2 , 
SiOj-A^Oa, AlaOj.TiO* S<V2r0 2 , S04/aO 2 .110 2> zeo- 

25 lite type Y, zeolite type X, zeolite type A, mardenite and 
silicalite instead of crystalline silicate used in powder cata- 
lyst 1 described above and employing the procedure similar 
to that for powder catalyst 1 to carry iridium, powder 
catalysts 16 to 29 were obtained Powder catalysts 16 to 29 

30 thus obtained are summarized below in Table 6. 
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TABLE 6 




Amount of canied active 




Honeycomb catalyst No. 


metal (wt %) 


Carrier 


16 


Ir (0.6) 


T-A1A 


17 


Ir (0.6) 




18 


Ir(0.6) 


Zrt> 2 


19 


Ir (0.6) 




20 


Ir(0.6) 




21 


Ir (0.6) 


SiOaJUaO, 


22 


Ir (0.6) 


Al 2 0,.TiOj 


. 23 


Ir (0.6) 


SCVZrOj 


24 


Ir (0.6) 


SOVZrOa.TiOa 


25 


Ir (0.6) 


Zeolite type Y 


26 


Ir (0.6) 


Zoolite type X 


27 


Ir (0.6) 


Zeolite type A 



TABLE 5 



Powder 
catalyst No. 


Amount of carried 
active metal (wt %) 




Crystalline silicate (canied) 


Number Composition 


1 


Ir (0.6) 


1 


O^NajO.O^HjCKO^FejO^^AljOj^^SCaOJ^SSiOa 


2 


Ir (0.6) 


2 


0JNa 2 O.0^H 2 O(0.2Co 2 O 3 .0^Al 2 O3.0^5CaO)^5SiO a 


3 


Ir (0.6) 


3 


0J5Na a O.0^H 2 CK0^Ru 2 O 3 .CX8Al 2 O s .0^5CaO)^5SiO 2 


4 


Ir (0.6) 


4 


0^a 2 O.0JH 2 O(0^Rh 2 O 3 .0JAl 2 O,.0^5CaO)^5SiO a 


5 


Ir (0.6) 


5 


0^a 2 O.0^»H 2 O(0JLa 2 O 3 .0^Al a O3j0.25CaO)J25SiO 2 


6 


Ir (0.6) 


6 


03Na 2 O.0^H 2 O(0^Ce 2 O5j0.8Al 1 O 3 .0.25CaO).25SiO a 


7 


Lr (0.6) 


7 


0JNa 2 O.0JH 2 O(0Jril I O,i)-8Al 2 O,.0J5Ca0)Jl5SiO 2 


' 8 


Ir (0.6) 


8 


0JNa 2 O.0^H 2 O(0JV 2 O3.0^Al l O,j0^5CaO).25SiO 2 


9 


Ir (0.6) 


9 


0^a 2 O.05H 2 O(0^Cr 2 O3.0.8AI 2 O 3 j0.25CaO>25SiO 2 


10 


Ir (0.6) 


10 


0.5Na 2 O.0.5H 2 O<0.2Sb 2 O 3 O*Al 2 CV0.25CaO).25SiO J 


11 


Ir (0.6) 


11 


0^a 2 O.0^H 2 O(0^Ga 2 O 3 .0^Al 2 O 3 .0^5CaO)^5SiO 2 


12 


Ir (0.6) 


12 


03Na 2 O.0^H 2 O(0^Nb 2 O 3 .0^Al 2 O 3 .0.25CaO).25SiO 2 


13 


Ir (0.6) 


13 


0^Na 2 O.0^H 2 O(0JFe 2 O s .0.8Al 2 O 3 i)^5MgOX25SiO 2 


14 


Ir (0.6) 


14 


0^Na 2 O.0JH 2 O(0JFe 2 O 3 .0.8Al 2 O 3 .0^5SrO).25SiO 2 


IS 


Ir (0.6) 


15 


03Na 2 O.0JH 2 O(0^Fe 2 O 3 .0.8AI 2 O 3 X)^5BaO).25SiO 2 



# 



apses ,oj. 





A 


.mount of earned active 






ystNo. 


metal (wt %) 


Carrier 


28 




Ir (0.6) 


Mordants 
Sifcalxte 


29 




Ir (0.6) 
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Mixtures of 5 g of powder catalyst 1 with 95 g of powder 
TABLE 6- continued catalyst 30, 20 g of powder catalyst 1 with 80 g of powder 

catalyst 30, 80 g of powder catalyst 1 with 20 g of powder 
catalyst 30, and 95 gof powder catalyst 1 with 5 g of powder 
catalyst 30 were made and processed similarly as for hon- 
eycomb catalyst 30 to obtain honeycomb catalysts 61 to 64. 
Preparation of honeycomb catalysts of the second aspect 

Preparation of powder catalysts belonging to catalyst B of (kyered type) 

the second aspect io To 100 g of powder catalyst 1, 3 g of alumina sol and 55 

Preparation of powder catalyst 30 g of silica sol (20% SiOj) as binders and 200 g of water were 

670 g of metatilanic acid slurry (Ti0 2 consent 30 wt % added, and the mixture was stirred thoroughly to yield a 

S0 4 content: 8 wt %) was admixed with 36 g of ammonium slurry for wash coat Then a monolith substrate for cordierite 

paratungstate {(NH 4 ) lo H 10 ,W l2 0 66 .6H 2 0} and 13 g of (400-cell lattice) was immersed in the slurry obtained above, 

ann^mum metavanadate, and the mixture was heated at 15 and taken out After blowing excessive slurry off, the sub- 

200° C while kneading to evaporate water off. After air ^ was at 200° C The coating ratio was 10 g per 

was Ti:W:V=91:5:4 (elemental ratio). P° wder 1 described above, a slurry for wash coat 

Preparation of powder catalysts 31 and 32 was prepared. The monolith substrate coated with powder 

Similarly as in the preparation of powder catalyst 30 but 20 catalyst 1 was further coated with the slurry for wash coat at 

using a catalyst to which ammonium paratungstate incorpo- the coating ratio of 10 g per 100 cc of the substrate, and dried 

rated in powder catalyst 30 was not added, Ti-V denitration at 200° C. to obtain honeycomb catalyst 65. 

catalyst powder 31 was obtained. The composition of this Similarly as for honeycomb catalyst 65 described above, 

catalyst was Ti:V^>5:5 (elemental ratio) „ the monolith substrates were coated firstly with any of 

Similarly as in the preparation of powder catalyst 30 but 25 . " . : ~ , ori . ..v * * i 1 

using ammonium parWolybdate {^H^o.O^O} ^wder catalysts 2 to 29 and secondly wim powder catalyst 

instead of ammonium paratungstate, TL-Mo-V (^nitration 30 to 0518111 ca*^ which were designated as 

catalyst powder 32 was obtained. The corrposition of mis honeycomb catalysts 66 to 93. 

catalyst was H:Mo:V=91:5:4 (elemental ratio). Comparative Example 1 

Preparation of honeycomb catalysts of the second aspect 30 ^ monolitb ^b^ate was coated with only one of 

^^■SSr catalysts 1 and 30 were weighed, 3 ^SWJh"* 3 ° ^LfJ^^ 

g of alumina sol^nd 55 g of silica sol (20% SiOJ as binders **** 30 to honeycomb catalysts 94 and 95. 

and 200 g of water were added, and the mixture was stirred Experimental Example 3 

thoroughly to yield a slurry for wash coat Then a monolith 35 Honeycomb catalysts 30 to 95 were subjected to the 

substrate for cordierite (400-cell lattice) was immersed in ammonia decomposition test similarly as in Example 1. The 

the slurry obtained above, and taken out After blowing results are shown in Tables 7 and 8. 

excessive slurry off the substrate was dried at 200° C. The g^^^ R tp 4 

coating ratio was 20 g per 100 cc of the substrate, and the *^ 

substrate thus coated was designated as honeycomb catalyst 40 Usmg honeycomb catalysts 30 to 93, the gas was supplied 

30. " for a long period in the condition similar as in Experiment 

50 g each of powder catalysts 2 to 30 was weighed and 1 10 conduct durability evaluation test The results obtained 

processed similarly as for honeycomb catalyst 30 to obtain indicated that after the gas supply for 1000 hours in the 

honeycomb catalysts 31 to 58. condition described above the ammonia decomposition 

50 g each of powder catalysts i, 31 and 32 was weighed 45 ratio, NOx production ratio and S0 2 oxidation ratio equiva- 

and processed similarly as for honeycomb catalyst 30 to lent to those shown in Tables 7 and 8 were maintained, 

obtain honeycomb catalysts 59 to 60. ensuring that the catalysts had excellent curability. 

TABLE 7 

Ammonia Nox (NO, N0 2 , N 2 0) 

Honeycomb Powder Powder Mixture decomposition (%\ moduction (%} so T nidation (%S 

catalyst catalyst A catalyst B Mode of carrying weight ratio 300° C. 400° C. 300° C. 400* C. 400° C. 400° G 



30 


1 


30 


Powder mixture 


5050 


99 


100 


0 


0 


05 


15 


31 


2 


30 


Powder mixture 


50:50 


99 


100 


0 


0 


05 


15 


32 


3 


30 


Powder mixture 


50:50 


99 


99 


05 


05 


0 


2 


33 


4 


30 


Powder mixture 


5050 


99 


99 


1 


1 


0 


1 


34 


5 


30 


Powder mixture 


50*30 


98 


too 


0 


05 


0 


1 


35 


6 


30 


Powder mixture 


5050 


98 


99 


1 


05 


0 


1 


36 


7 


30 


Powder mixture 


50:50 


99 


100 


0 


1 


0 


15 


37 


8 


30 


Powder mixture 


5D:50 


99 


too 


0 


05 


0 


1 


38 


9 


30 


Powder mixture 


50*50 


98 


99 


2 


0 


05 


2 


39 


10 


30 


Powder mixture 


50-50 


98 


99 


1 


1 


0 


2 


40 


11 


30 


Powder mixture 


50-50 


97 


100 


1 


05 


0 


1 


41 


12 


30 


Powder mixture 


5050 


98 


99 


05 


0 


0 


2 


42 


13 


30 


Powder mixture 


5050 


99 


99 


1 


05 


0 


2 


43 


14 


30 


Powder mixture 


50:50 


98 


100 


05 


0 


0 


2 
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TABLE 7-continued 



Anmxmia Naz (NO, NO* N 3 0) 
Honeycomb Powder Powder Mature _ decomposition (%1 productioo C%) SO- oxidation (%1 



catalyst 


catalyst A 


catalyst B 


Mode of cazxyu^ 


wngm xauo 






300* C 


400* C. 


400* C 


400* C. 


44 


15 


30 


Powder mixture 


50:50 


97 


99 


05 


15 


o 


2 


45 


16 


30 


Powder mixture 


50:50 


99 


100 


05 


0 


o 


1 


46 


17 


30 


Powder mixture 


50:50 


97 


100 


1 


1 


05 


2 


47 


18 


30 


Powder mixture 


50:50 


98 


100 


1 


0 


0 


15 


48 


19 


30 


Powder mixture 


50:50 


98 


99 


05 


05 


0 


2 


49 


20 


30 


Powder mixture 


50:50 


99 


99 


1 


1 


0 


2 


50 


21 


30 


Powder mixture 


50:50 


97 


100 


1 


1 


0 


15 


51 


22 


30 


Powder mixture 


5Ch50 


97 


99 


1 


05 


0 


2 


52 


23 


30 


Powder mixture 


50:50 


98 


99 




1 


05 


2 


53 


24 


30 


Powder mixture 


50:50 


97 


100 


05 


1 


0 


1 


54 


25 


30 


Powder mixture 


50:50 


98 


100 


05 


05 


0 


2 


55 


26 


30 


Powder mixture 


5050 


97 


99 


1 




0 


2 


56 


27 


30 


Powder mixture 


5050 


98 


99 


1 


1 


0 


2 


57 


28 


30 


Powder mixture 


5050 


98 


100 


1 


1 


0 


2 


58 


29 


30 


Powder mixture 


50:50 


98 


99 


0 


1 


05 


2 


59 




31 


Powder mixture 


50:50 


98 


98 


0 


1 


1 


05 


60 




32 


Powder mixture 


50:50 


99 . 


99 


0 


0 


05 


1 


61 




30 


Powder mixture 


5:95 


98 


98 


0 


1 


05 


05 


62 




30 


Powder mixture 


20:80 


97 


98 


0 


1 


0 


2 


63 




30 


Powder mixture 


80:20 


96 


99 


0 


1 


0 


2 


64 




30 


Powder mixture 


95:5 


97 


98 


0 


1 


05 


2 



TABLE 8 



Ammonia Not (NO, NO^ N 3 0) 
Mixture dcxampo^m ^ proouction (%) flft, oxjd,^ 



atalyst 


catalyst A 


catalyst B 


K4fidft of canyiiuj 


weight ratio 


3oo° a 


400° C. 


300" C. 


400* C. 


400° C. 


400° C 


65 


1 


30 


Upper layer B 


50/50 


99 


100 


05 


1 


05 


15 


66 






Lower layer A 
















2 


30 


Upper layer B 


50/50 


99 


100 


1 


05 


05 


15 


67 






Lower layer A 
















3 


30 


Upper layer B 
Lower layer A 


50/50 


99 


99 


05 


05 


0 




68 


4 


30 


Upper layer B 
Lower layer A 


50/50 


99 


99 


05 


1 


,0 




69 


5 


30 


Upper layer B 
Lower layer A 


50/50 


98 


100 


05 


05 


0 




70 


6 


30 


Upper layer B 
Lower layer A 


50/50 


98 


99 




15 


0 




71 


7 


30 


Upper layer B 
Lower layer A 


50/50 


99 


100 




05 


0 




72 


8 


30 


Upper layer B 
Lower layer A 


50/50 


99 


100 




05 


0 




73 


9 


30 


Upper layer B 


50/50 


98 


99 




15 


05 










Lower layer A 














74 


10 


30 


Upper layer B 
Lower layer A 


50/50 


98 


99 




05 


0 


2 


75 


11 


30 


Upper layer B 
Lower layer A 


50/50 


97 


100 




05 


0 


1 


76 


12 


30 


Upper layer B 
Lower layer A 


50/50 


98 


99 


05 


05 


0 


2 


77 


13 


30 


Upper layer B 


50/50 


99 


99 




05 


0 


2 


78 






Lower layer A 
















14 


30 


Upper layer B 


50/50 


98 


100 




1 


0 


2 


79 






Lower layer A 
















15 


30 


Upper layer B 
Lower layer A 


50/50 


97 


99 


05 


15 


0 


2 


80 


16 


30 


Upper layer B 
Lower layer A 


50/50 


99 


100 


05 


1 


0 


1 


81 


17 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


1 


1 


05 


2 


82 


18 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


05 


05 


0 


2 


83 


19 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


1 


05 


0 


2 


84 


20 


30 


Upper layer B 
Lower layer C 


50/50 


99 


99 


1 


05 


0 


2 


85 


21 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


05 


05 


0 


15 




15 
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TABLE 8-continued 



Not (NO, NO* N,0) 

° rod ° ca ° n< *' > SO, oakhtion fl» 

4OTC. «xrc. were. 



86 


22 


30 


Upper hycr B 
Lower UyerC 


50/50 


99 


99 


2 


0.5 


0 


2 


87 


23 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


1 


1 


rx5 


2 


88 


24 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


1 


05 


0 


2 


89 


25 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


1 


1 


0 


3 


90 


26 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


0.5 


0.5 


0 


2 


91 


27 


30 


Upper layer B 


50/50 


98 


99 


05 


05 


0 


2 








Lower layer C 










05 


0 




92 


28 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


05 




93 


29 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


1 


05 


05 


2 


94 


1 








98 


99 


2 


1 


05 


15 


95 




30 






10 


20 


0 


0 


0 


0 



Preparation of catalysts belonging to catalyst C of the third 
aspect 

Preparation of powder catalyst 33 

100 g of crystalline silicate 1 of type H described above 
was immersed in the aqueous solution of chloroplarinate 
(0.15 g HaPtO^HaO in 100 cc water), kneaded thoroughly, 
and evaporated to dryness at 200° C. After purging with 
nitrogen for 12 hours at 500° C, powder catalyst 33 was 
obtained. 

Preparation of powder catalysts 34 to 47 

Silicates 2 to 15 of type H described above were 
immersed in the aqueous solution of chloroplarinate simi- 
larly as for powder catalyst 33 to obtain powder catalysts 2 
to 47. Physical state of powder catalysts 33 to 47 thus 
obtained are summarized below in Table 9. 



30 



35 



TABLE 9 



Powder Amount of carried 



Crystalline silicate f carrier)_ 



catalyst No. active metal (wt %) Number Composition 



33 


Pt(0.06) 


1 


0^r^OU)JH 2 O(0^F^O30^Al 2 O,j0^5CaO).25SiO 2 


34 


Pt(0D6) 


2 


05Na 2 Oi)JH 2 C<0JC^C^.0^Al 2 O J O.25CaO>25SiO 2 


35 


Pt (0.06) 


3 


O^ajO.OJHaCKO^O^O^AlaOsJO^CaO)^^ 


36 


Pt (0.06) 


4 


0.5Na 2 O.O3H 2 O(0.2Rh 2 O 3 .0J8 AlaO, j0.25CaO).25SiO 2 


37 


Pt (0.06) 


5 


0^Na 2 O.OJH 2 O(0.2La 2 O,j0J8Al 2 O3j0.25CaO).25SiO 2 


38 


Pt (0.06) 


6 


0^a 3 Oi)JH 3 O(0.2Ce 2 O,j0.8AlaO,X>^5CaO)u25SiO 2 
0^Na 4 Oi)^H 2 O(0^n I O3i)^Al a O s j0^5CaO).25SiO 2 


39 


Pt(0D6) 


7 


40 


Pt(0.Q6) 


8 


0^Na 2 O.0JH a O(0.2VaO,.0.8Al 2 O 3 J0J5CaO).25SiO 2 


41 


Pt (0.06) 


9 


0JNa 2 O.0^H 2 O(0.2Cr 2 O 3 .0.8Al 2 O3j0^5CaO).25SiO 2 


42 


Pt (0.06) 


10 


05Na 2 O.0^H 2 O(0.2Sb 2 O 3 i)^Al 2 O,i).25CaO).25SiO 2 


43 


Pt(0.06) 


11 


0^Na 3 O.0^H 2 O(0.2Oa 2 O 3 .0^Al 2 O > i}^SCaO)^5SiO 2 


44 


Pt(0.06) 


12 


O^Na 2 O.05H 2 O(0.2Nb 2 O 3 .0£Al 2 O 3 D.25CaO).25SiO 2 


45 


Pt(0.06) 


13 


0JNa 2 O.0^H 2 O(0.2Fe 2 O,.0.8Al 2 O s J0^5MgO).25SiO 2 


46 


Pt(0.06) 


14 


0JNa 2 Oi)^H 2 O(0.2Fe 2 O,.0.8Al 2 O,OJi5SrO).25SiO 2 


47 


Pt (0.06) 


15 


0JNa 2 O.03H 2 O(0JFe 2 O,.0.8Al 2 O 3 j0^5BaO).25SiO 2 



Preparation of powder catalysts 48 to 61 60 catalysts 48 to 61 were obtained. Powder catalysts 48 to 61 

Using Y -A1 2 0 3 , 9-Al 2 0 3 , Zr0 2 , Ti0 2 , Ti0 2 .Zr0 2 , obtained are sunmiarized below in Table 10. 

cin Ai n At rf xsn %A r7rTi en r£r\ tiA „Z Preparation of powder catalysts 62 to 64 

SiOj. A1 2 0 3 , Al 2 0 3 .Ti0 2 , SCyZrO* SCVZrO^TiO* zeo- £ imm&rsh [ g m ^ m&MS solution ^ palladium nitrate 

lite type Y, zeolite type X, zeolite type A, mordenite and (0 15 g of Pd(N0 3 ) 2 in 100 cc of water), the aqueous 

silicalite instead of crystalline silicate used in powder cata- 55 solution of rhodium chloride (0.15 g of RhCl 3 3H 2 0 in 100 

lyst 33 described above and carrying platinum by the cc of water) and the aqueous solution of mmenium chloride 

procedure similar to that for powder catalyst 33, powder (0.15 g of RuCl 3 .5H 2 0 in 100 cc of water) instead of 
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chloroplatinate used in the preparation of powder catalyst 33 
described above followed by thorough kneading followed by 
evaporation to dryness at 200° G, catalysts 62 to 64 were 
obtained similarly as for powder catalyst 33. Compositions 
of the catalysts thus obtained are shown also in Table 10. 



TABLE 10 



Powder Amount of carried 
catalyst No. acive metal (Wt %) Carrier 



48 Pt(0.O6) 7^0, 

49 ft (0.05) fcAljO, 

50 ft (0.06) ZrOj 

51 ft(0X«) TiOj 

52 Pt(O06) TiCVZk), 

53 ft<a06) SiO^AljO, 

54 Pi (005) AljOjlK^ 

55 ft (0.06) SOVZiOj 

56 Pt(0j06) SOTZrOyTiOj 

57 ft (0.06) Zeolite type Y 

58 ft (0.06) ZooHletypeX 

59 ft (0.06) Zeolite type A 

60 ft(0j06) Mordenite 

61 ft(0j06) Silicalite 

62 Pd (O06) 0JNa 1 OjD^O{0^Fc 2 O J .0^Al 2 O 3 i)J5CaOp5SiO 2 

63 Rh(O06) 0^Na a 0i)JH 2 O(0JFe 2 O 3 .a8Al 2 O 3 X)^5CaOp5SiO 2 
63 Ru (0j06) 0 JNa 2 Oi)5H a <X0.2Fe 2 O,j0J8A] 2 O 3 j0^5CaO)J3SiO 1 



Preparation of honeycomb catalysts of the third aspect using 1 g of powder catalyst 33 to form the lower layer and 

(layered type) 19 g of powder catalyst 30 to form the upper layer, 4 g of 

To 100 gofpowder catalyst 33, 3 g of alumina sol and 55 30 powder catalyst 33 to form the lower layer and 16 g of 

g of silica sol (20% SiO^) as binders and 200 g of water were powder catalyst 30 to form the upper layer, 16 g of powder 

added, and the mixture was stirred thoroughly to yield a catalyst 33 to form me lower layer and 4 gofpowder catalyst 

slurry for wash coat Then a monolith substrate for cordiente 30 to form the upper layer and 19 g of powder catalyst 33 

(400-cefl lattice) was immersed in the slurry obtained above, to form the lower layer and 1 g of powder catalyst 30 to form 

and taken out After blowing excessive slurry off, the sub- 35 the upper layer, to obtain honeycomb catalysts 130 to 133. 

strate was dried at 200° C. The coating ratio was 10 g per Comparative Example 2 

lOO ccof the substtate. The honeycomb substrate was coated only with any one 

r g ^^S^^f^ ^ ^f* * of Powder catalyst 33 and powder catalyst 30 each at the 

powder catalyst 33 described above, a slurry for wash coat coating ratio of 20 g per 100 cc of substrate to obtain 

was prer*red, and then it was used to form an overlayer at ^ honcycomb catalysts 134 and 135, respectively, 

a coating ratio of 10 g per 100 cc of the substrate on the ^ nfol V. - *^ 7 

monolith substrate already coated with powder catalyst 33, ^penmental Example 5 

and dried at 200° C to obtain honeycomb catalyst 96. Honeycomb catalysts 96 to 135 were subjected to the 

Similarly as for honeycomb catalyst 96 described above, ammonia decomposition test similarly as in Example 1. The 

the monolith substrates were coated firstly with any of 4J resuUs m ±own " Table 1L 

powder catalysts 34 to 64 and subsequently with powder Experimental Example 6 

catalyst 30 of the second aspect to obtain layered catalysts, Using honeycomb catalysts 96 to 133, the gas was sup- 

which were designated as honeycomb catalysts 97 to 127. plied for a long period in the condition similar as in 

Similarly as for honeycomb catalyst 96, the substrates Experiment 1 to conduct durability evaluation test The 

were coated with any of powder catalysts 31 and 32 of the ^ results obtained indicated that after the gas supply for 1000 

second aspect to form the upper layer instead of powder hours in the condition described above the ammonia decom- 

catalyst 30 to obtain honeycomb catalysts 128 and 129. position ratio, NOx production ratio and S0 2 oxidation ratio 

Similarly as in the preparation of honeycomb catalyst 96, equivalent to those shown in Table 11 were maintain ed, 

per 100 cc of the substrate, layered coatings were provided ensuring mat the catalysts had excellent durability. 

TABLE 11 

Ammonia Nox (KO, N0 2 , N 2 0) 

Honeycomb Powder Powder Mixture decomposition (%) production (%) SO, oxidation <%\ 

catalyst catalyst A catalyst B Mode of carrying weight ratio 300° C. 400° C. 300° C. 400*0. 400° C. 400° C. 



96 


33 


30 


Upper layer B 
Lower layer C 


50/50 


99 


100 


0.5 


0 


OS 


IS 


97 


34 


30 


Upper layer B 
Lower layer C 


50/50 


99 


99 


0 


1.0 


OS 


IS 


98 


35 


30 


Upper layer B 


50/50 


98 


99 


0.5 


uo 


0 


2 



Lower layer C 




TABLE 11 -continued 



Ammonia Not (NO, NO* N a O) 

Honeycomb Powder Powder Mixture deeoimxaation ( %) production flb] SO, oxidation (%} 





catriysl A 


catalyst B 


Mode of carrying 


weight ratio 


300° C. 


400° C. 


300° C. 


400° C. 


400° C. 


400° C. 


99 


36 


30 


Upper layer B 
Lower layer C 


50/50 


99 


99 


05 


1 


0 




100 


37 


30 


Upper layer B 
Lower layer C 


SO/SO 


98 


100 


0 


OS 


0 


! 


101 


38 


30 


Upper layer B 
Lower layer C 


50/50 


98 


• 100 


1 


OS 


0 


! 


102 


39 


30 


Upper layer B 
Lower layer C 


50/50 


99 


100 


0 


1 


0 


1.5 


103 


40 


30 


Upper layer B 
Lower layer C 


50/50 


99 


100 


0 


1 


0 




104 


41 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


1 


0 


0.5 


2 


105 


42 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


1 


OS 


0 


2 


106 


43 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


1 


OS 


0 


1 


107 


44 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


OS 


OS 


0 


2 


108 


45 


30 


Upper layer B 
Lower layer C 


50/50 


99 


98 


1 


OS 


0 


2 


109 


46 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


OS 


0 


0 


2 


110 


47 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


1 


1.5 


0 


2 


111 


48 


30 


Upper layer B 
Lower layer C 


50/50 


99 


100 


OS 




0 


1 


112 


49 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


OS 


ID 


OS 


2 


113 


50 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


1 


0.5 


0 


IS 


114 


51 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


0.5 




0 


2 


115 


52 


30 


Upper layer B 
Lower layer C 


SO/50 


99 


99 


0.5 




0 


2 


116 


53 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


1 




0 


IS 


117 


54 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


1 




0 


2 


118 


55 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


1 




0.5 


2 


119 


56 


30 


Upper layer B 
Lower layer C 


50/50 


97 


100 


1 




0 


1 


120 


57 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


0.5 


0.5 


0 


2 


121 


58 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


1 


IS 


0 


2 


122 


59 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


0.5 




0 


2 


123 


60 


30 


Upper layer B 
Lower layer C 


50/50 


98 


100 


1 




0 


2 


124 


61 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


0 




0.5 


2 


125 


62 


30 


Upper layer B 
Lower layer C 


50/50 


97 


99 


1 




OS 


1 


126 


63 


30 


Upper layer B 
Lower layer C 


50/50 


97 


98 


0 




OS 


1 


127 


64 


30 


Upper layer B 
Lower layer C 


50/50 


98 


99 


0 




0 


2 


128 


33 


31 


Upper layer B 
Lower layer C 


50/50 


97 


98 


1 




0 


2 


129 


33 


32 


Upper layer B 
Lower layer C 


50/50 


98 


99 


1 




OS 


1 


130 


33 


30 


Upper layer B 
Lower layer C 


5/95 


98 


99 


0 




1 


0.5 


131 


33 


30 


Upper layer B 
Lower layer C 


20/80 


79 


79 


0 




0.5 


1 


132 


33 


30 


Upper layer B 
Lower layer C 


80/20 


98 


99 


0 




OS 


0.5 


133 


33 


30 


Upper layer B 
Lower layer C 


95/5 


97 


99 


0 




0 


2 
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TABLE 11-contLmied 



NoxCNO.NO^NjO) 

Honeycomb Powder Powder Mixture decompoaitipn ( %S nrodoction SO» oxidation (%\ 

catalyst catalyst A catalyst B Mode of carrying weight ratio 300° C. 400* C. 300* C. 400° C 400* C. 40Q*C 

134 33 — Upper layer B — 98 99 10 20 2 2 

Lower layer C 

135 — 30 Upper layer B — 10 20 0 0 0 0 

Lower layer C 

What is claimed is: 

1. A method of decomposing ammonia in a gas with an 

ammonia decomposition catalyst comprising a crystalline 15 (idbO^)i^.[aM 2 c^^o^o s i.ySiOj, 
silicate carrier of the fonnula 

wherein R denotes at least one element selected from the 
group consisting of magnesium, calcium, strontium, and 

(i±D^)R 2 0.[aM 2 0 J J>Al 2 ojjcMoO.ySio 2 , barium, a^0, 20>b£0, a4c=l, and 3000>y>ll, and as an 

20 active metal at least one noble metal selected from the group 

wherein R denotes an alkaline metal ion and/or hydrogen consisting of platinum, palladium, rhodium, and ruthenium; 

ion, M denotes at least one element selected from the group and a second catalyst comprising at least one element 

consisting of VIII group elements, rare earth elements, selected from the group consisting of titanium, vanadium, 

titanium, vanadium, chromium, niobium, antimony, and tungsten, and molybdenum; wherein the second cataly st 

gallium, Me denotes an alkaline earth metal, wherein a 1=0, 25 forms an overlayer covering the first catalyst, wherein the 

bi=0, cj=0 a+b=l, y/ol2 and y>12,and iridium as an active gas containing ammonia is exposed to said decomposition 

metal, wherein the gas containing ammonia is exposed to catalyst, thus decomposing and removing the ammnnia 

said catalyst, thus decomposing and removing the ammonia. £ 5. A method of decomposing ammonia in a gas with an 

2. A method of decomposing a mmon ia in a gas with a ammonia decomposition catalyst comprising a carrier of at 
composition ammonia decomposiuon catalyst comprising a 30 least one porous material selected from the group consisting 
first catalyst comprising as a carrier a crystalline silicate Q f -yuA^O*, e-At/),, Zr0 2 , HO* TiOj^Oj, SiO^ALfi^ 
which is represented by the formula in the molar ratio as A1 2 0 3 .T10 2 , S0V2r0 2 , SOVZKVTiOa, zeolites Y, zeolites 
dehydrated: X, zeolites A, mordenites, and silicalitcs, and iridium as an 

active metal, wherein the gas containing ammonia is 

(iiO W ^^ 35 Spr* mus imposing and removing 

wherein R denotes an alkaline metal ion and/or hydrogen 6 - A method oT decomposing ammonia in a gas with a 

ion, M denotes at least one element selected from the group coroposite ammonia decomposition catalyst comprising a 

consisting of VILT group elements, rare earth elements, catalyst comprising as a carrier at least one porous 

titanium, vanadium, chromium, niobium, antimony, and 40 material selected from the group consisting of y-ALfi^ 

gallium M 1 denotes at least one element selected from the 0-Al 2 O 3 , Zr0 2 , H0 2 , H0 2 .Zr0 2 , Si0 2 .Al 2 O 3 , ALfl 3 .Ti0 2y 

group consisting of magnesium, calcium, strontium, and SC>4/Zr0 2 , S0 4 /Zr0 2 .Ti0 2 , zeolites X, zeolites A, 

barium, wherein a^0, 20>b£0, a*o=l, and 3000>y>ll, and mcrdenites, and iridium as an active metal; and a second 

iridium as an active metal; and a second catalyst comprising catalyst comprising at least one element selected from the 

at least one element selected from the group consisting of 45 & 0U V consisting of titanium, vanadium, tungsten, and 

titanium, vanadium, tungsten, and molybdenum, wherein molybdenum, wherein the gas containing ammonia is 

the gas containing ammonia is exposed to said decomposi- exposed to said decomposition catalyst, thus decomposing 

tion catalyst, thus decomposing and removing the ammonia. 811(1 removing the ammonia. 

3. A method of decomposing ammonia according to claim 7. A method of decomposing ammonia in a gas with a 
2, wherein the first catalyst comprises a crystalline silicate 50 layered ammonia decomposition catalyst comprising: a first 
carrier which is represented by the formula, as dehydrated; catalyst comprising as a carrier at least one porous material 

selected from the group consisting of y-Al 2 0 3 , 0-Al 2 O 3 , 
Zr0 2 » T*0 2 , H0 2 .Zr0 2 , Si0 2 .Al 2 0 3 , Al^/nO* SO4/ 
(i±o^)R 2 o.[aM 2 o 3 .bAl I o J ].ySi0 2 , Zr0 2 , SO/Zr<Vn0 2 , zeolites Y, zeolites X, zeolites A, 

35 mordenites , and sflicalites, and as an active metal at least one 
wherein R denotes an alkaline metal ion and/or hydrogen noble metal selected from the group consisting of platinum, 
ion, M denotes at least one element selected from the palladium, rhodium, and ruthenium; and a second catalyst 
group consisting of VTH group elements, T 1 0 2 is a comprising at least one element selected from the group 
carrier for and titanium and vanadium is the second consisting of ti tanium, vanadium, tungsten, and molybde- 
catalyst. 60 num.; wherein the second catalyst forms an overlayer cov- 

4. A method of decomposing ammonia in a gas with a ering the first catalyst, wherein the gas containing ammonia 
layered ammonia decomposition catalyst comprising: a first is exposed to said decomposition catalyst, thus decomposing 
catalyst comprising as a carrier a crystalline silicate which is and removing the ammonia 

represented by a following formula in terms of molar ratio 

as dehydrated: * * * * * 



* 
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[57] ABSTRACT 

An ammonia decomposition catalyst wherein a first catalyst 
having a crystalline silicate which is represented by the 
formula in terms of molar ratio of oxides as dehydrated: 

(l±0^)I^.[aM 2 O,.hM'OxAl } O,].ySK) 2 , 

wherein R denotes an alkaline metal ion and/or hydrogen 
ion, M denotes a VTE Group element, rare earth dement, 
titanium, vanadium, cbronmim, niobium, antimony or 
gallium, M denotes magnesium, calcium, strontium or 
barium, a^0, 20>b^0, a+c=l, 3000>y>ll or a specific 
porous material as a carrier and iridium or a noble metal as 
an active metal is present together with or covered with a 
second catalyst having at least one element selected from the 
group consisting of titanium, vanadium,, tungsten and 
molybdenum, if necessary, as well as a method of using the 
same, 
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